What is the effect of endometrial scratching in patients with or without prior failed ART cycles on live birth (LBR) and clinical pregnancy rates (CPR)?
Introduction
Subfertility is a problem that affects many couples globally. In developed countries, 3.5-16.7% of the population suffers from infertility with more than half of these couples seeking medical assistance (Boivin et al., 2007) . Some couples never start medical treatment, but others pursue pregnancy with treatments such as IUI, IVF or ICSI (Boivin et al., 2007) . This results in over 500 000 IVF/ICSI treatments being carried out annually in Europe (De Geyter et al., 2018) . While the efficacy of these treatments has improved, embryo implantation still only occurs in approximately 35% of embryo transfers (De Geyter et al., 2018) . Endometrial scratching during ART has been advocated to improve the chance of embryo implantation, but to date it is unclear how it should be performed, whether it is effective, and for whom it might be effective (Panagiotopoulou et al., 2015; Zygula et al., 2016) . Despite these concerns, scratching has been implemented widely with a staggering 83% of physicians recommending it to patients undergoing IVF or ICSI in the UK, New Zealand and Australia (Lensen et al., 2016) .
Endometrial scratching as a treatment to improve pregnancy rates was first proposed by Barash et al. (Granot et al., 2000; Barash et al., 2003) . In 2000, they performed endometrial biopsies to study endometrial characteristics of subfertile women who had failed to conceive after IVF. The biopsies were taken in the natural cycle of the month prior to ovarian stimulation for IVF treatment. Coincidentally, they noted a remarkable pregnancy rate (11 out of 12 participants) in women participating in this study (Granot et al., 2000) . This led them to conduct a quasi-randomized study from which they concluded that endometrial injury doubled the pregnancy rate in subfertile women (Barash et al., 2003) . From then on, multiple studies on the effect of endometrial injury in women undergoing ART have been performed, reporting positive, negative or neutral effects of endometrial injury (Nastri et al., 2015; Panagiotopoulou et al., 2015; Ko and Ng, 2016; Zygula et al., 2016) . Along with the rapid publication of these studies, multiple reviews have been published. Comparable to the wide spectrum of results of the randomized controlled trials (RCTs), the reviews also differ in their interpretation of the results. While some reviews concluded that endometrial scratching is associated with increased clinical pregnancy rate (CPR) and/or live birth rate (LBR) (El-Toukhy et al., 2012; Potdar et al., 2012; Nastri et al., 2015; Ko and Ng, 2016) , others stated that no conclusion could yet be drawn (Panagiotopoulou et al., 2015; Santamaria et al., 2016; Zygula et al., 2016) . Importantly, all reviews stress that (part of) their conclusions are based on moderate-quality studies that were compromised by high clinical heterogeneity, and/or that endometrial scratching should not be implemented in daily practice for all patients since it remains unclear if it is beneficial for all patients or only for certain subgroups. Moreover, while these studies all focused on clinical effect, the biological mechanisms behind the possible effect on implantation have remained hypothetical (Lass et al., 1998; Li and Hao, 2009; Gnainsky et al., 2010, 
WHAT DOES THIS MEAN FOR PATIENTS?
Many couples having problems to conceive receive fertility treatment such as IVF or ICSI. During these treatments, embryos are cultured in the lab and subsequently transferred into the woman's womb. However, approximately only one out of three (35%) embryo transfers results in pregnancy. This leads to a high physical, emotional and financial burden for these couples.
Previous research has suggested that mild injury to the lining of the womb, called 'endometrial scratching', may improve embryo implantation. While multiple studies have been carried out, two important problems are that they were performed on small groups of women and that the women differed greatly in, for example, age, duration of infertility and number of previous treatments.
This review summarizes findings from all the published studies and analyses the data for groups of women who are more similar, i.e. women with no prior IVF/ICSI treatment, women with one failed IVF/ICSI cycle, and women with two or more failed IVF/ICSI cycles. The results show that endometrial scratching does not improve the chance of pregnancy or live birth in women with one failed IVF/ICSI treatment. However, this conclusion is based on studies that are of moderate quality. For the other two groups, the results of the various studies differed so much (negative, neutral or positive effect) that no conclusion could be drawn. Thus, it is still unclear if endometrial scratching really improves the chance of pregnancy, and if so, for whom. 2015). Taken together, the studies that have been performed so far are of moderate quality at best, apply different methods of endometrial scratching, have been performed on a very diverse population and lack support of a biological mechanism. In line with this, multiple reviews conclude that convincing evidence for a beneficial effect is still lacking (Nastri et al., 2015; Panagiotopoulou et al., 2015; Ko and Ng., 2016; Zygula et al., 2016) . Meanwhile, it seems that most clinicians would advise scratching during IVF/ICSI for patients with repeated implantation failure (RIF), leading to implementation of a therapy but with very limited science to support this practice (Lensen et al., 2016) .
Since the publication of the abovementioned reviews, multiple RCTs on endometrial injury prior to ART have been carried out. While the first trials mainly focused on patients with RIF, more recent studies have shifted their focus to also include patients in earlier stages of IVF/ICSI treatment (Mahran et al., 2016; Liu et al., 2017; Tk et al., 2017; Maged et al., 2018) . The increase in number of published studies not only calls for an updated review of the existing body of evidence, but also has created the possibility to subgroup patients according to the number of failed IVF/ICSI cycles. Moreover, it enables a comparison of RCTs with more similar timing of endometrial injury, namely in the menstrual cycle prior to ovarian stimulation or in the cycle of ovarian stimulation, thereby reducing clinical heterogeneity. Thus, in comparison with previously published reviews, this review could include more trials-a few of which have relatively large populations-while reducing clinical heterogeneity by selecting more similar scratching methods and by defining three different populations.
The aim of this review was therefore to assess whether endometrial scratching in the cycle prior to IVF/ICSI is more effective in patients with an increasing number of previously failed IVF/ICSI cycles, in terms of LBR and CPR.
Materials and Methods

Literature search
A literature search was performed on 12 February 2018 in Pubmed, EMBASE, and Cochrane library. The search contained synonyms for the population under study and intervention (Table I) . No language restrictions or other search limitations were applied. Duplicates were removed, after which three reviewers (J.K., J.B. and N.H.) screened studies based on title and abstract (Fig. 1 ). Studies were selected that were RCTs comparing endometrial scratching performed in the cycle before the stimulation cycle of fresh IVF/ ICSI treatment to no scratching or a sham procedure. Thus, case-control studies, comments to the editor, abstracts of unpublished data or data of ongoing trials were excluded. Any disagreement between the reviewers on selected or rejected titles was solved by discussion or by the judgment of a fourth reviewer (H.T.) . If the university library could not provide the full text, the corresponding author was contacted.
Subsequently, the full text was screened for additional exclusion criteria. All studies had to report LBR or CPR after the subsequent fresh IVF/ICSI cycle as an outcome parameter. Thus, trials investigating the effect of scratching during the stimulation cycle or prior to cryo-thaw cycles were excluded. Also, studies investigating therapeutic hysteroscopy of intrauterine pathology as a proxy treatment of an endometrial scratching procedure were excluded (trials in which hysteroscopy was performed during fertility workup were not excluded since it was not a proxy treatment).
Risk of bias and quality assessment
Three authors (J.K., J.B. and N.H.) assessed the included studies for risk of bias and methodological quality by using the Cochrane 'Risk of bias assessment tool' (Higgins et al., 2011) . By thorough examination of the full text of the selected manuscripts, information was collected on random sequence generation (selection bias), allocation concealment (selection bias), blinding of participants and personnel (detection bias), blinding of outcome assessors (performance bias), incomplete data (attrition bias), selective data reporting (selection bias) and other types of bias. The risk of bias and quality of a study was incorporated into the interpretation of the review findings and fully described in a study characteristic table.
Checking the study results in terms of obvious or insufficient outcomes ensured an awareness of selective reporting within studies.
Outcome measures
The primary outcome measure was LBR from the cycle following randomization. The secondary outcome measures were CPR, miscarriage rate and multiple pregnancy rate. 
Data analysis
Study characteristics were extracted from each manuscript and recorded in a database system (RevMan 5.3, The Cochrane Collaboration, Oxford, UK). To evaluate risk of bias and clinical heterogeneity a summary table describing the study characteristics was constructed. Data were extracted from each manuscript for the three populations of interest: participants with no prior IVF/ICSI treatment (Group 0), participants with one failed complete IVF/ICSI cycle (Group 1), and participants with two or more failed complete IVF/ICSI cycles (Group 2). A complete IVF/ICSI cycle was defined as ovarian stimulation with oocyte retrieval and all subsequent embryo transfers, including fresh and/or cryo-thaw transfers. If the published report combined the results of Groups 0, 1 and 2, the authors were contacted by email to collect data for the separate groups. The choice of these groups followed from the finding that most physicians tend to perform endometrial scratching in patients with RIF (Lensen et al., 2016) , which is frequently defined as failure of implantation after 2-6 IVF/ICSI treatment cycles (Tan et al., 2005) , and from looking at it from the patients' perspective to find out the earliest moment that endometrial scratching would be beneficial. When statistical heterogeneity was low or moderate (meaning I 2 ≤ 50% (Higgins et al., 2003; Higgins and Green., 2011) ), the study results were pooled in forest plots and expressed in risk ratios (RR) with 95% CIs using RevMan 5.3. If statistical heterogeneity was high (meaning I 2 > 50% (Higgins and Green., 2011)), the study results were not pooled but were summarized in the text. In case of borderline risk of heterogeneity, pooled analysis was performed if a low-moderate chance of heterogeneity was expected based on visually examining the forest plots (i.e. overlapping CIs) (Higgins et al., 2011) .
A random-effect model was used because it was expected that the true effect size would differ between the studies. However, since random-effect models are less precise when a small number of studies are included, a fixed-effect model was used if less than five RCTs were included (Borenstein et al., 2010) . The study data were processed according to the intention-to-treat principle. When results were only reported for patients with an embryo transfer, assumptions were made that the participants who had a cycle cancellation after randomization did not conceive.
Subgroup analysis
Subgroup analysis was performed by excluding studies with a risk of unintentional endometrial injury in the control group. Trials that performed an intracervical or intrauterine sham procedure, saline infusion sonohysterography, hysterosalpingogram or hysteroscopy in the control group in the cycle prior to the ovarian stimulation cycle were excluded from these analyses. Studies that had performed such procedures during workup were not excluded from subgroup analysis.
Results
Search
After removal of duplicates, the structured literature search resulted in 1326 citations (Fig. 1) . After screening the titles, 55 citations remained for abstract and full text reading after which 14 RCTs, comprising a total of 2537 patients, were included. A total of 11 of these 14 RCTs could be included for data analysis. Gibreel et al. 2015 and Narvekar et al. 2010 only reported data for participants with one or more failed IVF/ICSI cycles and separate data corresponding to our Groups 1 and 2 was not available, so that these studies could not be included in the meta-analysis. Safdarian et al. 2011 did not report on the number of previously failed IVF/ICSI cycles so that their data could not be categorized to fit one of our populations. Unfortunately, attempts to contact the authors of these three studies were unsuccessful. The data of Nastri et al. was also not split according to our subgroups, but we received subgroup data through personal communication. However, separate data was only available for Group 0 and Group 1 but not for Group 2 (Nastri et al., 2013) . Thus, part of their data could not be included in our analysis.
Risk of bias and methodological quality
The risk of bias of the included RCTs is described in Table II . For seven RCTs, the risk of selection bias was unclear because the method of allocation was not clearly described (Karimzadeh et al., 2009; Baum et al., 2012; Inal et al., 2012; Singh et al., 2015; Mahran et al., 2016; Liu et al., 2017; Maged et al., 2018) . Random sequence generation was interpreted to be at a low risk of selection bias because this was performed by computer-generated sequence (Narvekar et al., 2010; Safdarian et al., 2011; Inal et al., 2012; Nastri et al., 2013; Yeung et al., 2014; Gibreel et al., 2015; Singh et al., 2015; Tk et al., 2017; Maged et al., 2018) , a table of random numbers (Baum et al., 2012; Liu et al., 2017) , sealed envelopes (Mahran et al., 2016) or a bag of papers with equal amounts of intervention and control groups (Karimzadeh et al., 2009) .
It has been reported that embryo transfer technique can influence pregnancy rates, and therefore not blinding the physician could have affected the study outcomes (Mains and Van Voorhis., 2010) . Thus, a high risk of performance bias was suspected in six studies, because the physician was not blinded (Narvekar et al., 2010; Yeung et al., 2014; Gibreel et al., 2015; Singh et al., 2015; Tk et al., 2017; Maged et al., 2018) . The remaining eight studies did not describe blinding and were therefore rated as unclear risk of performance bias.
With regard to detection bias, not blinding was thought to have no impact on the outcomes because of the objective nature of the primary and secondary outcomes. Therefore, all studies were thought to have a low risk of detection bias.
A high risk of attrition bias was found in three RCTs because of unclear inclusion and exclusion criteria that could have led to subjective inclusion/exclusion of participants (Inal et al., 2012) , not reporting the number of patients lost to follow-up (Inal et al., 2012) or because the outcome measures were not pre-specified (Inal et al., 2012; Singh et al., 2015; Mahran et al., 2016) .
Three studies had a high risk of reporting bias because (most) outcomes were reported in percentages instead of numbers of events (Baum et al., 2012; Singh et al., 2015; Mahran et al., 2016) or because there were discrepancies in the reported data (Singh et al., 2015; Mahran et al., 2016) . For three studies, reporting bias was interpreted as unclear risk because the Table II Risk of bias summary for the randomized controlled studies.
The chart presents the authors' judgment of each risk of bias item of each included study. +, low risk of bias;?, uncertain risk of bias; −, high risk of bias. Other bias: absence of power calculations, underpowered studies, or performance of procedures other than the studied intervention that could also lead to endometrial injury (i.e. hysteroscopy or sham). Note: Patients and personnel were usually not blinded for the intervention. Not blinding personnel could have led to adjusted embryo transfer techniques and was therefore regarded as 'high risk' for performance bias. On the other hand, outcome measures (live birth and clinical pregnancy rates) were unlikely to be influenced by unblinded personnel, so that all studies were regarded as 'low risk' for detection bias.
intention-to-treat analyses were not reported but had to be deduced from other numbers (Tk et al., 2017; Safdarian et al., 2011; Shohayeb and ElKhayat, 2012) . This also applied to the studies that had already been judged to have a high risk of reporting bias.
Other bias consisted of unclear methodological quality (Safdarian et al., 2011; Singh et al., 2015; Tk et al., 2017) , cervical sham procedure (Baum et al., 2012; Gibreel et al., 2015) , intracavitary sham procedure or hysteroscopy or hysterosalpingography in the month of scratching (Narvekar et al., 2010; Safdarian et al., 2011; Liu et al., 2017) . Unclear methodological quality was deduced from, for example, not reaching the calculated sample size or no sample size calculation, or retrospective registration of the trial in a trial register (Safdarian et al., 2011; Singh et al., 2015; Tk et al., 2017) .
Several studies reported having performed a hysteroscopy during workup, which was interpreted as a low risk of bias because the hysteroscopies were not performed in the same menstrual cycle as the endometrial injury.
Participants
In line with the inclusion criteria of this review, all participants underwent a fresh IVF/ICSI cycle after randomization. Inclusion and exclusion criteria of each study varied, but factors that are known to affect implantation-such as hydrosalpinx or cavity abnormalities-were excluded in most RCTs. An overview of the study characteristics is shown in Table III .
Each publication provided a baseline table describing at least the mean age and the IVF/ICSI cycle characteristics. None of the studies reported significant differences in demographic baseline characteristics, except for Tk et al. who reported a higher total dose of FSH in the control group than in the intervention group (Tk et al., 2017) .
The mean age of the participants was 29-32 years, except for two studies that reported a mean age of 34.6 and 36.5 years, respectively (Baum et al., 2012; Yeung et al., 2014) . The mean BMI was 25-26.7 kg/ m 2 in seven studies (Narvekar et al., 2010; Safdarian et al., 2011; Shohayeb and El-Khayat., 2012; Gibreel et al., 2015; Singh et al., 2015; Tk et al., 2017; Maged et al., 2018) , around 22 kg/m 2 in two studies (Yeung et al., 2014; Liu et al., 2017) and 28.5 kg/m 2 in one study (Mahran et al., 2016) . The participants were of diverse ethnic backgrounds. The mean number of previously failed IVF/ICSI cycles was not always reported (Safdarian et al., 2011; Tk et al., 2017) , but it varied from 0 (Mahran et al., 2016; Liu et al., 2017; Maged et al., 2018) up to 8.5 failed cycles (Baum et al., 2012) , with the majority of studies including patients with 1-3 failed cycles (Karimzadeh et al., 2009; Narvekar et al., 2010; Inal et al., 2012; Shohayeb and El-Khayat., 2012; Gibreel et al., 2015) . The mean number of embryos transferred in the post-randomization cycle was 1.75-2.55, but five RCTs transferred on average 3-3.6 embryos (Narvekar et al., 2010; Safdarian et al., 2011; Shohayeb and El-Khayat., 2012; Singh et al., 2015; Mahran et al., 2016) .
Intervention
In most RCTs, endometrial scratching was performed using an endometrial biopsy catheter in the luteal phase of the cycle preceding ovarian stimulation (Karimzadeh et al., 2009; Narvekar et al., 2010; Safdarian et al., 2011; Baum et al., 2012; Inal et al., 2012; Nastri et al., 2013; Yeung et al., 2014; Gibreel et al., 2015; Mahran et al., 2016 (Shohayeb and El-Khayat, 2012; Singh et al., 2015) .
Six studies performed the endometrial biopsy more than once in the same cycle (Narvekar et al., 2010; Baum et al., 2012; Inal et al., 2012; Gibreel et al., 2015; Liu et al., 2017; Tk et al., 2017) . Furthermore, two RCTs performed the endometrial scratching during a standard hysteroscopy which all patients underwent during the follicular phase prior to ovarian stimulation (Narvekar et al., 2010; Shohayeb and El-Khayat., 2012) . Narvekar et al. (2010) , repeated the endometrial biopsy in the luteal phase without hysteroscopy. Unfortunately, these studies did not report whether intrauterine abnormalities were detected or treated at hysteroscopy.
Four studies were single-blinded (patient only) and performed a sham procedure in the control group by drying the cervix with a gauze (Nastri et al., 2013) , introducing an endometrial biopsy catheter or uterine sound up to the internal ostium (Baum et al., 2012; Gibreel et al., 2015) , or up to the uterine fundus (Liu et al., 2017) .
Outcome measures
LBR
The results of Group 0 could not be pooled due to substantial statistical heterogeneity (I 2 88%). As is shown in Fig. 2a (Mahran et al., 2016) . After exclusion of trials with a risk of unintentional endometrial injury in the control group, the results of the two remaining trials, including a total of 227 patients, could be pooled (Nastri et al., 2013; Yeung et al., 2014) . No significant difference in LBR was found between the intervention and control groups (RR 0.95 [95%CI 0.64-1.41], total n = 227 participants) (Fig. 2a) . In Group 1, results could be pooled (I 2 41%) and showed no significant difference in LBR after scratching as compared to not scratching (RR 1.01 [95%CI 0.68-1.51], total n = 253 participants) ( Fig. 2b) (Inal et al., 2012; Nastri et al., 2013; Yeung et al., 2014; Tk et al., 2017) . None of these trials performed an intracervical or intrauterine procedure in the control group; thus no additional subgroup analysis was performed.
In the group with the highest degree of failed IVF/ICSI cycles, Group 2, the statistical heterogeneity was borderline (I 2 51%), but based on visual assessment of the forest plot we considered the heterogeneity to be low enough to pool the results. No significant difference in LBR was found between the scratch and control group (RR 1.15 [95%CI 0.52-2.55], total n = 404 participants) (Fig. 2c) . Two of the six included trials performed an intracervical sham procedure or hysteroscopy in the month of endometrial injury (Baum et al., 2012; Shohayeb and El-Khayat, 2012) , so that subgroup analysis was performed on four studies (Inal et al., 2012; Yeung et al., 2014; Singh et al., 2015; Tk et al., 2017) . Pooling of the results showed no significant difference between the endometrial injury and control groups (RR 1.28 [95%CI 0.67-2.45], I 2 48%) (Fig. 2c) .
Of the two studies that could not be included for meta-analysis because their populations could not be categorized into Group 1 or 2, one did not find a significant difference (scratch 47.2% vs. control 38.1%, p 0.08) , and one did find a significantly higher LBR in the intervention group (22.4% vs. 9.8%, p 0.04) Computer-generated tables of random numbers
Computer-generated random numbers Drawing a piece of paper from a bag containing equal number of printed paper for each method 
CPR
Similar to the results of LBR, the overall results could only be pooled for Group 1 (I 2 77% for group 0, I 2 28% for group 1 and I 2 59% for Group 2). As is shown in Fig. 3a , five RCTs were included in Group 0 comprising a total of 1087 participants. Three out of five studies showed no significant difference between the endometrial scratching and the control group (RR 0.94; RR 1.09; RR 0.99, respectively) (Nastri et al., 2013; Yeung et al., 2014; Liu et al., 2017) . The two largest studies, including a total of 718 participants, reported a significantly higher CPR in the intervention group (RR 2.07 and 1.49, respectively) (Mahran et al., 2016; Maged et al., 2018) . Three trials were eligible for subgroup analysis excluding trials with a high risk of unintentional endometrial injury (Nastri et al., 2013; Yeung et al., 2014; Maged et al., 2018) . Based on 527 participants, the pooled results of this Group 0 subgroup showed a significant benefit of endometrial injury on CPR (RR 1.28 [95%CI 1.02-1.62], I 2 0%) (Fig. 3a) .
The pooled results of Group 1 are shown in Fig. 3b . No significant difference in CPR was found between the endometrial scratching and the control groups (RR 1.04 [95%CI 0.74-1.45]), and as none of the four RCTs had a risk of unintentional endometrial injury in the control group in the month prior to ovarian stimulation, subgroup analysis was not necessary.
Six RCTs in Group 2 reported CPR, evaluating a total of 459 patients. As shown in Fig. 3c , the results of the RCTs varied from non-significant RRs ranging from 0.09 to 1.46 (Baum et al., 2012; Yeung et al., 2014; Tk et al., 2017) to significant RRs ranging from 1.78 to 3.19 (Karimzadeh et al., 2009; Inal et al., 2012; Shohayeb and El-Khayat., 2012) . Subgroup analysis with pooling of results was performed on four studies (I  2 30% and n = 223 participants) (Karimzadeh et al., 2009; Inal et al., 2012; Yeung et al., 2014) showing a statistically significant benefit of endometrial injury with a RR of 2.03 [95%CI 1.20-3.43] (Fig. 3c) .
Of the three studies that could not be included in pooled analysis because their populations could not be categorized into Group 1 or 2, only Narvekar found a significant benefit on CPR from endometrial scratching (32.7% vs. 13.7%, p 0.01) (Narvekar et al., 2010; Safdarian et al., 2011; Gibreel et al., 2015) .
Miscarriage rate and multiple pregnancy rate
A total of nine RCTs reported the miscarriage rate and eight RCTs the multiple pregnancy rate; analysis was performed on the overall groups (i.e. Groups 0, 1 and 2 combined). These rates were calculated relative to the number of clinical pregnancies. Both the miscarriage and the multiple pregnancy rate did not differ between the intervention and control groups, ] total n = 825 participants and RR 1.06 [95%CI 0.84-1.35] total n = 775 participants, respectively, Figs 4 and 5) (Narvekar et al., 2010; Shohayeb and ElKhayat., 2012; Nastri et al., 2013; Yeung et al., 2014; Gibreel et al., 2015; Mahran et al., 2016; Liu et al., 2017; Tk et al., 2017; Maged et al., 2018) . Subgroup analysis excluding studies with a risk of endometrial injury in the control group for the outcomes miscarriage and multiple pregnancy rate did not lead to different results: RR 1.13 [95%CI   ..................................................................................................................................................................................................................................................... Implantation, clinical pregnancy (gestational sac at GA 6 weeks), ongoing pregnancy (GA > 20 weeks), live birth, miscarriage (GA < 20 weeks), multiple pregnancy (>1 gestational sacs GA 6 weeks).
n, number of participants; CD, cycle day; ET, embryo transfer; GA, gestational age; HY, hysteroscopy; SIS, saline infusion sonography; TB, tuberculosis; US, ultrasound.
a In bold the primary outcome measure if described. 
Discussion
Summary of the results
This review evaluates the effect of endometrial scratching in patients naïve to IVF/ICSI treatment and with varying numbers of previously failed IVF/ICSI cycles. Pooled analysis for the outcomes LBR and CPR in women with one previously failed cycle (Group 1) showed no significant difference between the intervention and control groups. The results for women with 0 (Group 0) or two or more failed cycles (Group 2) could not be pooled, and while the RRs varied widely between studies, most RCTs reported no significant difference for LBR and CPR. For CPR in women with two or more failed cycles, the results were more contradictory, with half of the RCTs showing a significantly improved CPR after scratching, and the other half showing no significant difference. Pooled subgroup analyses including RCTs with no risk of unintentional endometrial injury in the control group showed no statistically significant difference in LBR for women with 0 or 2 or more previously failed cycles, but showed an increased CPR in the intervention group of these same women. 2016; Zygula et al., 2016) , of which four did not and three did perform a meta-analysis (El-Toukhy et al., 2012; Potdar et al., 2012; Nastri et al., 2015) . All reviews used different inclusion criteria (scratching prior to or during ovarian stimulation, number of previously failed IVF/ ICSI cycles, only RCTs versus also non-randomized trials), so that none of the reviews included the same publications. Potdar et al. and El-Toukhy et al. had their reviews published in 2012. At that time, few RCTs had been published so that both also included non-randomized trials. Potdar et al. showed a significantly increased CPR (RR 2.32 [95% CI 1.72-3.13]) and LBR (RR 2.11 [95%CI 1.37-3.25]) after endometrial scratching, but this was based on four studies for CPR (only two were RCTs) and two studies for LBR (one RCT). This led this group to conclude that despite increased pregnancy rates, there are many unanswered questions on the scratching method, stressing the need for large multicenter RCTs (Potdar et al., 2012) . Importantly, Potdar and colleagues limited their review to include only patients with RIF, but did not provide the reader with a definition of RIF.
Related literature
Similarly, based on one RCT and four non-randomized trials, ElToukhy et al. (2012) reported a combined ongoing pregnancy/live birth rate (OPR/LBR) outcome, which was increased after scratching (RR 2.28 [95%CI 1.65-3.14]). This review used different inclusion criteria, which meant it was based on a different set of trials than the review by Potdar and colleagues. El Toukhy et al. 2012 state that endometrial scratching may improve the chance of pregnancy, but they also stress the need for robust large randomized trials because of multiple methodological concerns of the included studies.
In 2015, a Cochrane review by Nastri et al. 2015 showed no significant difference for women with one or no failed embryo transfers, but a significantly higher chance of clinical pregnancy and live birth after scratching in women with two or more failed embryo transfers ), but they also state that uncertainties regarding timing, frequency and degree of scratching, and population exist. Our results differ from Nastri's findings; this can be explained by slightly different inclusion Figure 3 Continued criteria and different grouping of participants. Nastri included trials that performed endometrial injury during the cycle preceding ovarian stimulation as well as during the ovarian stimulation cycle, while the current review did not include the latter. Also, participants were grouped according to no or one failed embryo transfer versus two or more failed transfers in Nastri's review, while in the current review the grouping is based on failed complete IVF cycles. We have chosen a grouping based on complete failed IVF/ICSI cycles based on the hypothesis that in each oocyte retrieval, only a small number of oocytes is capable of developing into a pregnancy that results in live birth (Patrizio and Sakkas., 2009; Doherty et al., 2014) . Thus, a couple with eight prior transfers from one oocyte retrieval will have had less 'true' chances of pregnancy than a couple with eight prior transfers from three oocyte retrievals, and couples will be better comparable in terms of 'exposure to chances of pregnancy' when grouped according to failed complete IVF/ICSI cycles. Other differences exist in the strategy to cope with statistical heterogeneity: Nastri decided to perform meta-analysis and explore the heterogeneity by performing subgroup analyses. Our strategy was not to perform meta-analysis when high statistical heterogeneity was detected but to perform subgroup analyses including only studies with a low risk of unintentional endometrial injury. Of the reviews not performing a meta-analysis, Panagiotopoulou et al. 2015 refrained from doing this because of clinical heterogeneity. They included four RCTs with a total of 416 participants with a history of two or more failed IVF/ICSI cycles, and concluded that the effect of endometrial Figure 4 Miscarriage rate for the overall population (Groups 0, 1 and 2 combined), and subgroup analysis. Events, miscarriage; M-H, Mantel-Haenszel. scratching on pregnancy rates was inconsistent, and that insufficient data was available to advise endometrial scratching in women with RIF undergoing ART (Panagiotopoulou et al., 2015) . The reviews by Santamaria et al. 2016 , Zygula et al. 2016 and Ko and Ng, 2016 have a more narrative style, and do not report a clear search or inclusion/ exclusion criteria for the RCTs. Santamaria et al. 2016 reviewed 16 RCTs with a total of 2570 participants who were either trying to conceive naturally, by IUI or through IVF/ICSI treatment, and specifically focused on the studies published in 2014/2015 in order to explain the different conclusions between the reviews of Nastri et al. 2015 and Panagiotopoulou et al. 2015 . They concluded that the data of methodologically sound RCTs did not demonstrate a beneficial effect, and that a meta-analysis such as in the Cochrane review (2015) leads to incorrect or incomplete conclusions owing to incomplete and insufficient data. Since the underlying biological mechanism is also unknown, they advise that endometrial scratching should not be implemented in daily practice. The reviews by Zygula et al. 2016 and Ko and Ng, 2016 included RCTs and non-randomized trials on an unselected group of participants. Zygula concluded that evidence of a positive effect of scratching was lacking, and Ko concluded that no effect was expected in the unselected population, but that scratching could improve pregnancy rates in women with two or more failed IVF/ICSI cycles, but that the evidence was of moderate quality only so that caution should be taken in adhering to this conclusion. As both reviews lack clear inclusion/exclusion criteria, it is difficult to conclude that the reviews were incomplete, but it seems that both are missing three or four RCTs that had already been published at the time. Moreover, the conclusion of Ko and Ng, 2016 that endometrial injury could improve pregnancy rates in women with two or more failed IVF/ICSI cycles does not seem to be supported by their summarizing table in which three RCTs show a benefit, two RCTs do not show a benefit, and two retrospective studies also do not show a benefit of endometrial scratching.
In summary, several reviews have been published in the past 4 years of which three performed a meta-analysis despite statistical and/or clinical heterogeneity. All reviews either conclude that the data is too diverse to draw a conclusion or that endometrial scratching seems to have a positive effect on CPR and LBR in patients with two or more failed IVF/ICSI cycles but that the data is heterogeneous and studies are of moderate quality at best.
Interpretation of the results
In line with previous reviews, our findings emphasize the statistical heterogeneity between published RCTs. The design of this reviewevaluating the effect of endometrial injury according to the number of previously failed IVF/ICSI cycles-ensured that clinical heterogeneity was reduced in comparison to reviews with broader inclusion criteria. Nevertheless, statistical heterogeneity was often too high to perform meta-analysis. This indicates that the results should be interpreted with caution and no firm conclusions can be drawn.
The statistical heterogeneity could, in part, be caused by the variation in study design; for example, the sample size varied widely across studies. Only three RCTs included ≥300 participants (maximally 420 and with varying degrees of IVF/ICSI failure) (Yeung et al., 2014; Gibreel et al., 2015; Mahran et al., 2016) , and many of our analyses on the different degrees of IVF/ICSI failure are based on RCTs of <100 or even <50 participants.
Furthermore, despite our attempt to reduce clinical heterogeneity it is still likely to have contributed to the statistical heterogeneity as the method, timing and frequency of the intervention and baseline characteristics (e.g. BMI, age) varied among RCTs. Even in our grouped populations, clinical heterogeneity may still have existed due to varying causes of subfertility-and thus variation in chances of natural conception before the start of ART-and variation in the total number of embryos that had been transferred previously. Clinical heterogeneity also existed in the definitions of the outcome variables. For example, a clinical pregnancy could be defined as a pregnancy on ultrasound or as a gestational sac with positive fetal heartbeat on ultrasound at 6 weeks of gestation. Variation was also present for all the other definitions.
Another problem in interpreting the results is the high or unclear risk of bias that was present in almost all studies. The most frequent causes of high risk of bias were outcome measures that were not prespecified, pre-specified outcomes that were not reported, discrepancies in the data, and outcomes that were not reported on an intention-to-treat basis. The RCTs by Mahran et al. 2016 and Singh et al. 2015 in particular, and to a lesser extent by Baum et al. 2012 and Inal et al. 2012 were suspected of carrying a high risk of bias. Most of these studies reported a strong and significant effect of scratching, thereby having a large impact on the overall outcomes. Since the study by Mahran et al. 2016 also included the highest number of participants, this study had a major effect on the outcomes in Group 0 by being the only RCT that shows a very strong and significant effect of scratching.
Because of the low number of RCTs in each analysis and because many RCTs showed some risk of bias, we refrained from performing a sensitivity analysis including only the methodologically sound studies.
Not all studies reported all outcome measures. Especially with results that vary widely between the different RCTs, this can impact the overall outcome of the analysis. For example, Karimzadeh et al. 2009 and Maged et al. 2018 reported a significant positive effect of scratching but only evaluated CPR and not LBR (Groups 2 and 0, respectively). In contrast, Singh et al. 2015 only reported LBR and not CPR, and they did not find a difference (Group 2). This can explain why some comparisons did report a significant benefit for CPR, but not for LBR.
Strengths and limitations
Strengths of this review are that a comprehensive systematic search was performed and that inclusion was based on well-defined inclusion and exclusion criteria with more similar scratching methods (i.e. only prior to the stimulation cycle). Also, authors were contacted and additional information was collected to perform the best analysis possible. Furthermore, many additional RCTs have been published since the previous reviews. Thus, despite the fact that this review has narrower inclusion criteria regarding the timing of endometrial injury, four additional RCTs with relatively large sample sizes (100-418) have been included in comparison to the Cochrane review by Nastri et al. 2015 . Also, this review is the first to group the population into three degrees of previously failed cycles, thereby providing insight into the frequently posted hypothesis that endometrial injury may only benefit patients with a high degree of implantation failure. Strengths of the chosen methods include that no meta-analysis was performed in the case of substantial statistical heterogeneity (I 2 ≥ 50%). High statistical heterogeneity can be dealt with in various ways: it can be ignored and a fixedeffect analysis can be performed; if the heterogeneity is unexplained a random-effect model can be used for meta-analysis; a different effect measure can be chosen; studies can be excluded; or one can choose not to perform a meta-analysis (Borenstein et al., 2010; Higgins and Green, 2011) . Based on the clinical heterogeneity that became apparent from the trial methods, and based on visual assessment of the forest plots, both ignoring the heterogeneity and performing a randomeffect meta-analysis introduced a high risk of misleading results. Since the effect measures were not continuous (LBR, CPR, etc.) , and these effect measures were considered relevant outcomes for patients and physicians, changing the effect measure was also not an option. Thus, we chose to perform a subgroup analysis excluding certain trials in order to reduce clinical (and hopefully statistical) heterogeneity, but to also show the overall forest plots without the pooled results in order to still give an overview of all available evidence. A limitation is that not all RCTs could be included in the analyses because attempts to obtain more information from the authors had failed or because RCTs used different subgroup-criteria so that the results could not be translated to one of our populations. Another limitation is that meta-analysis could not be performed for all outcomes/groups. However, this is inherent to the variation in studies that have been performed and the alternative-performing meta-analysis-would in our opinion have been less desirable. A third limitation is that clinical heterogeneity was still present in the populations analysed in this review, because of varying duration of subfertility with varying chances of natural conception, and because a failed complete IVF/ICSI cycle can consist of one or multiple failed embryo transfers. This is a problem that applies to all studies in the field of IVF/ICSI and it is difficult to tackle. For this review, the current grouping was the best possible option, but ideally an individual patient data analysis (IPD) will pool the data of women with the same number of previously failed transfers and/or similar duration and cause of subfertility. Also, in order to reduce clinical heterogeneity, we chose to only include trials that performed endometrial injury prior to the cycle in which ovarian stimulation is started. We regard this as a strength because it enables better comparison of the trials, but one could also argue that this is a limitation because some trials were excluded.
Clinical implications and future perspective
Despite inconclusive and sometimes contradicting results as demonstrated in this and other reviews, endometrial scratching is already being advised to women undergoing IVF or ICSI by 83% of clinicians in some countries (Lensen et al., 2016) . While endometrial scratching may seem simple and harmless, one should question whether such a procedure should be implemented as standard treatment when the evidence is so weak. Should we not protect patients from treatment that is potentially harmful or at best gives false hope?
The relatively small sample sizes, high risk of bias, methodological flaws and statistical heterogeneity emphasize the need for large, methodologically sound RCTs in more homogeneous populations undergoing ART. Currently, two large trials are being conducted: an RCT conducted by Northwestern University (600 participants) evaluating endometrial scratching in the unselected IVF population (Marsh., 2016) , and an RCT on women undergoing their first IVF/ICSI treatment conducted by Metwally et al. of the University of Sheffield (1044 participants) (Chatters, 2017) . Two large trials have recently completed the inclusion of participants: the Pipelle for Pregnancy (PIP) trial (1300 participants, unselected IVF/ICSI population) and the SCRaTCH study (900 participants, 1 failed IVF/ICSI cycle) (Lensen et al., 2018; van Hoogenhuijze et al., 2017a) . The results of the PIP trial have recently been presented and showed no significant effect of endometrial scratching on LBR (odds ratio 1.00 [95%CI 0.78-1.27]) (Lensen et al., 2018) . The PIP trial could not be included in this review because it did not fulfill our inclusion criterion that endometrial injury should be performed before the stimulation cycle.
With more high quality RCTs (becoming) available, the effectiveness of endometrial scratching for different subgroups of women or the identification of the optimal scratching method can be evaluated in an IPD. An IPD focusing on the different subgroups of patients that might benefit from scratching is also underway (van Hoogenhuijze et al., unpublished but registered at PROSPERO, 2017b).
Importantly, different study groups worldwide should use standardized definitions of outcomes and outcome measures so that results can be compared and pooled. The COMMIT initiative is now wellunderway to achieve this goal (COMMIT).
Conclusion
The current review applied strict inclusion criteria by confining the timing of endometrial scratching to prior to the start of ovarian stimulation, and by defining strict populations (0 vs. 1 vs. 2 or more failed
